Mycoplasma Gallisepticum, TaqMan RT-PCR assay, Antimicrobial resistance Mycoplasma Gallisepticum (MG) is considered as one of the most economically important mycoplasmal pathogens among poultry industry worldwide. This pathogen has various strains, therefore their detection using culture method is not sufficient. From this point of view, this study was designed to develop a novel TaqMan ® real-time polymerase chain reaction (TaqMan RT-PCR) assay for direct detection of MG using cytadhesin to encode a surface protein (mgc2) containing a TaqMan FAM-labeled minor groove binder probe that targets this gene and to compare it with conventional polymerase chain reaction and immunological methods. Using serial broth dilution methods against identified MG isolates, minimum inhibitory concentrations of various antimicrobial agents were detected. Throughout Al-Qassim region, Kingdom of Saudi Arabia, 208 specimens were collected from 18 commercial chicken broiler farms where respiratory diseases were present. Furthermore, 180 blood serum samples were investigated for serological diagnosis of MG. Serum plate agglutination and enzyme-linked immunosorbent assay techniques detected positive serological identification in 83 (46.11%) and 97 (53.88%) isolates, respectively. The sensitivity recorded for TaqMan RT-PCR was 10 -3 CFU/ml for MG template DNA. Results of TaqMan RT-PCR revealed 169 positive samples (81.25%), while 108 samples (51.92%) were identified as positive through conventional polymerase chain reaction assay. The results of MIC for 11 antimicrobial agents against 60 identified MG isolates indicated that all groups of MG exhibited a higher degree of sensitivity to tiamulin (93.33%) at low level of MIC 50 and MIC 90 (≤0.032 µg/ml) followed by tylosin (85%) and doxycycline (81.66%) with MIC 50 and MIC 90 ranged from ≤0.032 to 2 µg/ml; In contrast, gentamycin, tilmicosin, erythromycin, ciprofloxacin, oxytetracylcine and enrofloxacin did not show a higher activity at low concentrations. In conclusion, the developed TaqMan RT-PCR exhibited higher sensitivity and applicable accuracy than other molecular and serological techniques and thus could be highly recommended for the management of MG susceptibility and to facilitate implementation of effective treatment and prophylactic measures.
Mycoplasma Gallisepticum (MG) is considered as one of the most economically important mycoplasmal pathogens among poultry industry worldwide. This pathogen has various strains, therefore their detection using culture method is not sufficient. From this point of view, this study was designed to develop a novel TaqMan ® real-time polymerase chain reaction (TaqMan RT-PCR) assay for direct detection of MG using cytadhesin to encode a surface protein (mgc2) containing a TaqMan FAM-labeled minor groove binder probe that targets this gene and to compare it with conventional polymerase chain reaction and immunological methods. Using serial broth dilution methods against identified MG isolates, minimum inhibitory concentrations of various antimicrobial agents were detected. Throughout Al-Qassim region, Kingdom of Saudi Arabia, 208 specimens were collected from 18 commercial chicken broiler farms where respiratory diseases were present. Furthermore, 180 blood serum samples were investigated for serological diagnosis of MG. Serum plate agglutination and enzyme-linked immunosorbent assay techniques detected positive serological identification in 83 (46.11%) and 97 (53.88%) isolates, respectively. The sensitivity recorded for TaqMan RT-PCR was 10 -3 CFU/ml for MG template DNA. Results of TaqMan RT-PCR revealed 169 positive samples (81.25%), while 108 samples (51.92%) were identified as positive through conventional polymerase chain reaction assay. The results of MIC for 11 antimicrobial agents against 60 identified MG isolates indicated that all groups of MG exhibited a higher degree of sensitivity to tiamulin (93.33%) at low level of MIC 50 and MIC 90 (≤0.032 µg/ml) followed by tylosin (85%) and doxycycline (81.66%) with MIC 50 and MIC 90 ranged from ≤0.032 to 2 µg/ml; In contrast, gentamycin, tilmicosin, erythromycin, ciprofloxacin, oxytetracylcine and enrofloxacin did not show a higher activity at low concentrations. In conclusion, the developed TaqMan RT-PCR exhibited higher sensitivity and applicable accuracy than other molecular and serological techniques and thus could be highly recommended for the management of MG susceptibility and to facilitate implementation of effective treatment and prophylactic measures.
INTRODUCTION
Avian mycoplasmosis was firstly identified in turkeys in 1926 and in chickens in 1936 (Charlton et al., 1996) . Mycoplasma Gallisepticum (MG) is considered to be a highly pathogenic and economically important bacterial respiratory pathogen of chickens. Throughout the world, it is one of the most significant problems in the poultry industry. The infection is frequently known as chronic respiratory disease (CRD) in chickens and as infectious sinusitis in turkeys (Levisohn and Kleven, 2000) . MG infections cause great economic losses in the poultry industry due to decreased hatchability and egg production, reduced quality of day-old chicks, reduced growth rate, increased costs of eradication measures involving site cleaning and depopulation, and increased drug and vaccination costs (Kaboli et al., 2013; Khalifa et al., 2013) .
Traditionally, diagnosis of MG infection in the poultry industry depended upon serological screening such as serum plate agglutination (SPA) and enzyme-linked immunosorbent assay (ELISA) hemagglutination inhibition (HI), which historically are considered the most reliable tools for identifying subclinical infection in the flock (Barua et al., 2006; Purswell et al., 2012; Kaboli et al., 2013) ; however, they sometimes lack the required specificity and sensitivity (Carli, and Eyigor, 2003; Kaboli et al., 2013) . Therefore, in the last decade, rapid polymerase chain reaction (PCR) methods with high specificity and sensitivity for MG have been very useful for laboratory diagnosis of infected birds (Ehtisham-ul-Haque et al., 2015; Raviv and Kleven, 2009) . Polymerase chain reaction based on identification of the mgc2-cytadhesin encoding surface protein gene for MG is the most widely used methods for the detection, typing and determination of the source of infection (Gerchman et al., 2009 ). Nevertheless, some problems are associated with PCR, including the existence of inhibiting substances in the samples, the danger of environmental contamination and the probability of the recognition of nonviable Mycoplasma (Kempf, 1998; Kleven, 1997; Carli and Eyigor, 2003) .The progress in diagnostic PCR technology has greatly resolved the problems with the time, specificity, and sample size. Thus, the TaqMan RT-PCR avoids the need for post amplification processing, which saves time and labor compared to traditional PCR methods (Glew et al., 2000; Kawahara et al., 2008; Ehtisham-ul-Haque et al., 2015) . The TaqMan RT-PCR is a simpler technique on which to base a multiplex PCR assay in order to detect mixed infections in a single PCR reaction. Until now, only a limited number of TaqMan RT-PCR-based diagnostic techniques have been reported that target the mgc2 and gapA genes for the detection of MG (Grodio et al., 2008; Raviv and Kleven, 2009; Sprygin et al., 2010; Ehtisham-ul-Haque et al., 2015) . To improve the specificity of TaqMan RT-PCR procedures, TaqMan minor groove binder (TM-MGB) probes are preferred because their small size enables binding in the minor groove of doublestranded DNA, thus stabilizing the duplex, which results in high melting temperature (Tm) values (Kutyavin et al., 2000; Guo et al., 2009; Ehtishamul-Haque et al., 2015) and greater accuracy in measurements because of low background fluorescence (Chiu and Ou, 1996; Farkas et al., 2009 ).
The chronic nature of Mycoplasma infections illustrates a failure of the host immune system to deal efficiently with these pathogens. The antigenic dissimilarity of surface proteins permits MG to get away from the host immune system through the generation of escape variants (Papazisi et al., 2003; Ehtisham-ul-Haque et al., 2015) . In addition, intracellular attack by MG and its continued existence within eukaryotic cells may contribute to this organism's resistance to the host's immune response and to various antimicrobial agents (Winner et al., 2000; Papazisi et al., 2003) . Consequently, prevention and control of MG have been considered the leading significant methods of management among poultry farms. One of the major practical methods of reducing the economic losses of MG infection is the wide use of antimicrobial drugs. Several groups of antibiotics including tetracyclines, macrolides, pleuromutilin, and fluoroquinolones are considered to be effective against MG (Bradbury et al., 1994; Hannan et al., 1997; Gerchman et al., 2008; Pakpinyo and Sasipreeyajan, 2007) . Moreover, it is recognized that the usage of antimicrobial agents for a long period can lead to resistance to the MG organisms (Gautier-Bouchardon et al., 2002; Pakpinyo and Sasipreeyajan, 2007) . The wide use of antimicrobial agents has led to selected resistance in many bacterial species, and this has become a major public health problem all over the world (FreireMoran et al., 2011; Card et al., 2012) . Consequently, in infected poultry farms, antimicrobial susceptibility tests must be conducted before initiating a treatment program.
The objective of our study was to compare the various diagnostic methods, including cultural, serological and conventional PCR with TaqMan RT-PCR for MG isolated from various broiler chicken farms. A further main objective was to demonstrate the sensitivity of the identified MG to various groups of antibiotics. The results of this study should be supported for the prevention and control of MG isolated from poultry farms in Saudi Arabia.
MATERIALS AND METHODS

Samples
A total of 208 samples were collected from eighteen chicken commercial breeding farms reporting the presence of respiratory diseases. Samples from the trachea (102), lungs (53) and air sacs (53) were collected from each bird at necropsy and divided in two parts, one for direct on the spot inoculation in Fray's broth and the other retained for DNA extraction. Furthermore, for serological diagnosis of MG, 180 blood serum samples (10 samples from each flock) were collected via wing vein puncture of each investigated bird. All samples were collected during the period from December 2013 to June 2015 in districts throughout Al-Qassim region, Kingdom of Saudi Arabia. All birds were selected on the basis of respiratory problems like sneezing, coughing, lacrimation and respiratory sounds. All samples were transported in a refrigerated container to the microbiology laboratory at the College of Public Health and Health Informatics, Qassim University. Samples collected for DNA extraction were stored at -20°C to await further investigation.
Isolation and identification of MG
The collected tissue samples (trachea, lungs and air sacs) were minced under aseptic conditions and diluted in Mycoplasma broth (about 5 grams of tissue sample per 25 ml broth). Using a cotton swab, each sample was transferred and inoculated into 3 ml of broth of pleuropneumonia-like organisms (PPLOs) and incubated at 37 ºC for 3 days, after which, 20 µl of the incubated broth culture was transferred and streaked on PPLO agar. The agar plate was incubated at 37ºC in a moist candle jar under reduced oxygen tension (Sabry and Ahmed, 1975) . Using an inverted microscope, the cultures were then examined at 5, 10, 15 and 30 days of incubation in the presence of identical fried-egg colonies of MG. Suspected MG isolates were confirmed through growth inhibition test (Lauerman et al., 1995) by moving a single colony on Fray's agar containing hyper immune serum raised in rabbits against reference strain (ts-11 vaccine strain, Merial international). All agar plates were incubated and observations documented.
Purification and maintenance of the isolates
According to the previous study (Sabry, 1968) , A single colony with fried egg shape was picked up with an agar-block and transferred into a broth medium to obtain a pure culture of the isolates. The purified isolates were maintained at 20ºC in a form of agar blocks.
Serological diagnosis of MG/
Rapid serum plate agglutination (SPA)
The 180 serum samples were examined against the MG antigen (Nobilis®, Intervet Philippines, INC. Schering-Plough Animal Health, 8767 Paseo de Roxas, Makati City), according to the manufacturer's instructions. Briefly, a drop of serum was added to an equal drop of the well-mixed antigen and then the two drops were mixed with a stirring-rod and spread to a circular area of approximately 1.5 cm diameter. By rocking the plate at room temperature, a positive agglutination was stimulated within 2 min.
Enzyme-linked immunosorbent assay (ELISA)
All serum samples were tested against MG antibody (Biochek Smart Veterinary Diagnostics, USA). The sensitivity was determined to some extent by the manufacturer's instructions.
Molecular diagnosis of MG/ DNA extraction
Extraction of the Mycoplasma DNA from the organs (trachea, lungs and air sacs) of the infected birds was carried out according to the previously described method (Santha et al., 1990) . The physical method for extracting DNA from tissue swabs was adopted by applying heat (95 °C in a water bath for 10 min) and cold (-20°C for 10 min) shocks. The swabs were then dipped in phosphate buffer saline (PBS) and centrifuged at 13 000 x g for 20 min. The pellet was then washed twice in PBS and the supernatant was collected in 1.5 ml screw-capped Eppendorf tubes for DNA amplification.
DNA amplification
The primer set was designed and used according to the previously described method (García et al., 2005) to amplify the mgc2 gene. The sequences of the oligonucleotide primers used in this study were 5`-AACACCAGAGGCGAAGGCGAGG -3` and 5`-ACGGATTTGCAACTGTTTGTATTGG -3`. The DNA samples were amplified with an automated T100 Thermal Cylcer (BioRad, USA) to give an amplicon of 300 bp.
Electrophoresis
The amplified PCR products were analyzed by gel electrophoresis in 1.5% agarose gel containing ethidium bromide (García et al., 2005) and the results were photographed with PhotoDoc-ItTM 65 Imaging system (Cambridge, UK).
TaqMan RT-PCR
The TaqMan RT-PCR for MG was then carried out (7500 Fast Real-Time PCR System (Applied Biosystems, USA). Genesig standard kits (Primer design Ltd, Southampton, United Kingdom) for detection of the MG mgc2 gene were used for this reaction according to the manufacturer's instructions. Briefly, the reaction mix was prepared with the total volume of 15 µl (10 µl of oasig TM or PrecisionPLUS TM 2× qPCR Master Mix, 1 µl of MG primer/probe mix and 4 µl of RNAse/DNAse-free water (Table 1) . Subsequently, 15 µl of this mixture was transferred into each well, and then 5 µl of DNA template was added to the well, while for the negative control wells, 5 µl of RNAse/DNase free water was used; thus, the final volume in each well was 20 µl. Preparation of a standard curve dilution series was done by adding 90 µl of template preparation buffer to five tubes and labeling them. The positive control template (MG strain ATCC 15302) was considered as tube 1, and 10 µl was transferred from this tube to tube 2 and mixed thoroughly. Then, 10 µl from tube 2 was transferred into tube 3, continuing in the same manner up to the 9 th tube. Finally, for the standard curve, 5 µl of the standard template was transferred to each well, making the final volume in each well 20 µl. Amplifications were then performed on an 7500 Fast real-time PCR system (Applied Biosystems, Foster City, CA, USA). The thermal cycling consisted of 37 °C for 15 min for AmpErase ® uracil-N-glycosylase (UNG) to prevent PCR carryover contamination and 95 °C for 2 min for enzyme activation followed by 40 cycles with every denaturation step at 95 °C for 10 seconds. Annealing and extension was performed at 60 °C for 60 s. Data were analyzed using sequence detection system (SDS) software. Amplification results were expressed by plotting Delta Rn (ΔRn) versus cycle number for the interpretation of infection (BrittainLong et al., 2008) . 
Antibiotic susceptibility for MG
In the current study, a total of 60 identified field isolates of MG were isolated from birds suffering from respiratory distress and tested against 11 antimicrobial agents. The isolates were divided into three groups: Group A (n = 40) was collected from tracheal swabs, Group B (n = 11) was collected from air sacs and Group C (n = 9) was collected from the lungs. Six antibiotic groups were included: Macrolides (tylosin, tilmicosin and erythromycin); Pleuromutilins (tiamulin); Aminoglycosides (gentamicin); Aminocyclitols (spectinomycin); Quinolones (ciprofloxacin and enrofloxacin) and Tetracyclines (doxycycline and oxytetracycline and). All antibiotics were purchased from the Mobedco-Vet company (El-Hassan Industrial Estate, Irbid, Jordan). The MICs were determined according to the previously designated method (Hannan, 2000) . Due to the absence of the cell wall which protects Mycoplasma from the influence of beta lactam antibiotics, penicillin G was used in this study as a negative control. The final volume of 0.1 ml of twofold serially-diluted antimicrobial in concentrations ranging from 0.0312 to 64 μg/ml was prepared in 96-well plates, and 0.1 ml of each inoculum containing 10 3 -10 5 color change unit (CCU) /ml was added to each well. Each plate contained un-inoculated medium as a sterility control, a color-changed medium as an endpoint. A viable count row for each isolate was performed concurrently in order to confirm that the inoculum was within the accepted range. All plates were potted and incubated at 37°C until the color in the growth-control well visually matched that of the endpoint control. The lowest concentrations capable of inhibiting the growth of 50% and 90% of the isolates were determined, respectively, as the MIC 50 and MIC 90 values (Hannan, 2000; Hannan et al., 1997; Gerchman et al., 2009 ). The test was carried out two times. To ensure the validity of the agar dilution technique for determining antibiotic susceptibility, the standard MG strain ATCC 15302 (American type culture collection, USA) was used as a positive control.
RESULTS
Culture, isolation, serological and PCR tests for MG
The cultural isolation of MG from birds suffering from respiratory distress revealed only 37.01% as positive samples (Table 2 ). The highest detection was shown in samples isolated from the trachea (55.88%), followed by the air sacs (20.75%), and the lowest in the lungs (16.98%). The current results were based on visualization of individual colonies with typical fried-egg appearance through observing agar plates under the 10× objective lens of a stereo microscope. After 10 days, the primary color of the colonies was yellow and light brown. Antibodies to SPA were detected in 83 serum samples representing a rate of 46.11% of the total isolates. With the ELISA technique, positive reactors were found in 97 (53.88%) serum samples ( Table 3 ). The PCR product was observed in 108 isolates (51.92%) of the extracted DNA and appeared as a single DNA band close to that of the 300-bp in size and similar to the positive control when visualized electrophorically (Fig. 1) . Repeat testing of some of the strains that were examined showed the same results. Identification of MG isolated from the trachea was relatively higher (79.41%) with PCR than in the case of the lungs and air sacs, which were 22.64% and 28.30%, respectively (Table 2) . These results indicate that the PCR technique may be seen as a reliable tool for initial detection of infectious agents in field cases (Fig. 1) . Repeat testing of some of the strains that were examined showed the same results.
TaqMan RT-PCR for identification of MG
Out of 208 suspected samples, 169 (81.25%) were positive using TaqMan RT-PCR, while 77 (37.01%), 83 (46.11%), 97 (53.88%) and 108 (51.92%) samples, were positive through culture, SPA, ELISA and conventional PCR assay, respectively (Table 2 & 3). As can be seen from Table 4 , the reproducibility results are demonstrated in the form of cut-off cycle threshold (CT) values obtained from 10-fold serial dilutions in duplicates for MG starting with a titer of 1 × 10 4 CFU/ml. For TaqMan RT-PCR, the sensitivity recorded was 10 -3 CFU/ml MG template DNA. These DNA quantifications were made on the lowest dilutions with readable CT values of 37.90 for MG (Table 4) . The results obtained from the present experiment indicated that a lower CT value (19.57) was detected earlier in the real-time reaction in samples containing a higher initial concentration compared with samples with a lower initial concentration (Fig.  2) . 
Antimicrobial susceptibility of MG
The frequency distribution of MIC 50 , MIC 90 and the sensitivity percentage of the 11 antimicrobial agents against groups A, B and C of MG isolates are detailed in Table 5 & 6. In this study, tiamulin, gave the lowest level of MIC 50 and MIC 90 (≤ 0.032 µg/ml) for all groups of MG which exhibited a higher sensitivity percentage (93.33%), followed by tylosin, doxycycline and spectinomycin (85%, 81.66%, 81.66%), at MIC 50 and MIC 90 ranged from ≤ 0.032 µg/ml to 2 µg/ml for the total isolates. However, a high percentage of MG isolates exhibited the maximum degree of resistance (100%, 91.67% and 86.67%) to penicillin G, gentamycin and tilmicosin, respectively. In addition, erythromycin ciprofloxacin, oxytetracycline and enrofloxacin, were resisted by 81.67%, 80.00%, 78.34% and 76.67% of the all three groups MG isolates, correspondingly. These results indicate that there was an apparent increase in the resistance for all groups of MG isolates to most of the tested antimicrobial agents. As illustrated here, in general, when an isolate demonstrated an increase in resistance to one antibiotic, there was an increase in resistance to other antimicrobial agents, particularly those of the same class. 
DISCUSSION
In Saudi Arabia, MG is considered as one of the most economically significant poultry Mycoplasma. Generally, control of chronic respiratory disease has been based on the elimination of the microorganism from flocks and the preservation of Mycoplasmafree status in the poultry and their offspring via biosecurity practices. The success of MG control programs depends on accurate and fast diagnostic techniques. Diagnosis of MG has been performed using numerous serological techniques such as SPA and ELISA to determine the immune response (Raviv et al., 2008; Hu and Li, 2014) . The SPA test is fast, sensitive and cheap, but may generate nonspecific results. The ELISA technique is more responsive and precise than the SPA test. Nevertheless, numerous studies have confirmed several disadvantages of serological methods (Sprygin et al., 2010) . Regarding the results with ELISA, 97 positive serum samples were detected, an incidence of 53.88%. This finding approximated that of another study (Kempf et al., 1994) which examined serum samples for detection of MG antibodies via the ELISA test and found a positive rate of 61%. The serological test results demonstrated that the ELISA test gave better results and exhibited higher sensitivity than the SPA test for the detection of specific MG antibodies. These findings also agreed with those recorded in another study (Reda et al., 2012) . One of the main objectives of this work was to facilitate the rapid detection of MG isolated from tracheal, lung and air sac swabs of clinically infected chicken. In the present study, the detection of MG isolated from the trachea was relatively higher (79.41%) using PCR than in the case of the lungs and air sacs, at 22.64% and 28.30%, respectively. Other research has obtained similar findings (Carli and Eyigor, 2003) . In addition, it was noticed that PCR did not provide 100% sensitivity (Table 2) , although this assay is supposed to be more sensitive than a culture (Raviv and Kleven, 2009; Nouzha et al., 2013) . On the other hand, some problems are associated with PCR, some examples being the existence of an inhibiting substance in the samples, the danger of environmental contamination and the probability of the recognition of nonviable Mycoplasma (Kleven, 1997; Kempf, 1998; Carli and Eyigor, 2003) . Therefore, in this study, the ABI-7500 fast real-time PCR assay using TaqMan polymerases was also developed and validated for the direct detection and quantification of MG DNA. A higher sensitivity detection (lower CT values) was achieved with the TaqMan FAM TM reporter dye in this study. Others (Ehtisham-ul-Haque et al., 2015) have reported the results for FAM to be stronger that those obtained with the NED TM reporter dye. Additionally, the low detection value of NED as a reporter dye is well corroborated in past experience. With MG-specific probe, detection using FAM labeling in a single target (monoplex) TaqMan MGB real-time PCR reaction revealed lower CT values (high levels of detection) for the same probe (Sambrook and Russel, 2001; Ehtisham-ul-Haque et al., 2011; Ehtisham-ul-Haque et al., 2015) . Consequently, a qPCR technique was developed with a FAM-labeled probe where a TaqMan VIC probe served as an internal positive control (IPC). In one study, a black hole quencher was used as a non-fluorescent quencher (NFQ), attached to the middle of the probe for the detection of the mgc2 gene specific for MG (Sprygin et al., 2010) . In contrast, the technique used in the present study incorporated an NFQ that combined with the MGB (minor groove binder) moiety at the 3' end. It has been indicated that the use of the MGB probe in combination with NFQ leads to improved specificity in the detection of dual infections by diminishing the background fluorescence obtained through the use of fluorescent quenchers (Farkas et al., 2009) . Previous studies have already confirmed that the qPCR assay is a successful tool for sensitive and specific detection of MG in commercial chicken flocks (Raviv and Kleven, 2009; Sprygin et al., 2010; Fraga et al., 2013) . The present study describes a new TaqMan RT-PCR assay for the concurrent detection of MG occurring in commercial poultry flocks in Saudi Arabia. Application of this method in the poultry industry laboratories would definitely aid in the development of Mycoplasma control programs.
These isolates were divided into three groups, according to the specimen sites of birds suffering from respiratory distress: group A, group B and group C. According to the present results, tiamulin was shown the highest sensitivity percentage (93.33%) against various isolates of MG (Hannan, 2000; Islam et al., 2009; Gharaibeh and Al-Rashdan, 2011) . The MIC 90 of tiamulin for group A, B and C of the MG isolates was 1 µg/ml (Table 5) , which is possibly a result of the fact that it has not been formerly used to treat chicken in Saudi Arabia. The exceptional sensitivity of MG isolates to tiamulin makes it an attractive selection as an effective antimicrobial agent in the field for poultry farms which do not incorporate ionophore antibiotics in their feed. In addition, similar findings showed it to be effective against MG isolates in chicken in Iran (Ghaleh Golab Behbahan et al., 2008) and Jordan (Gharaibeh and Al-Rashdan, 2011) . In contrast, gentamycin demonstrated a high resistant level (91.67%), against all groups of MG isolates at low concentrations (MIC 90 = 16 µg/ml). Similar results have been obtained by other researchers, (Gharaibeh and Al-Rashdan, 2011) who determined the MIC of 13 antimicrobial agents against two groups of MG (MIC 90 = ≥ 64 µg/ml). Therefore, gentamycin is not frequently used to treat MG in chicken due to its poor intestinal absorbability, which decreases its interaction with MG in the chicken respiratory system. The macrolides group is recognized as having a high in vitro and in vivo activity against Mycoplasma species. In the present study, after tiamulin, tylosin exhibited a good activity against 85 % of the total 60 isolates with MIC 50 ranged from 0.032 to 1 µg/ml. Although tylosin was employed for several years before the introduction of tilmicosin, it still exhibits better action against MG isolates. Similar results have been obtained in previous research (Ghaleh Golab Behbahan et al., 2008) . In contrast, there was a momentous increase in resistance to tilmicosin and erythromycin among all groups, particularly for erythromycin, where its MIC 90 for group A, B and C were ≥ 64 µg/ml, ≥ 32 µg/ml and ≥ 64 µg/ml, respectively (Table 5 ). The quinolones like enrofloxacin and ciprofloxacin showed an important decrease in activity against all groups of MG isolates (Table 5 ). The MIC 90 of ciprofloxacin and enrofloxacin for all groups was 8 µg/ml and 4 µg/ml, respectively (Table 5) . Similar earlier studies in Israel (Gerchman et al., 2009) and Iran (Ghaleh Golab Behbahan et al., 2008) had established the increased resistance of MG isolates to enrofloxacin. The MIC 90 of oxytetracycline for group A, B and C was ≥ 16 μg/ml, 8μg/ml and ≥ 16 μg/ml, respectively. In this study, it was also noted that MG isolates, probably developed a slight resistance to oxytetracycline, possibly as a result of its frequent usage in Saudi Arabian chicken farms over a long period of time. Furthermore, all groups of MG isolates were resistant to penicillin G. This confirms that the lack of a cell wall makes the Mycoplasma resistant to the beta-lactam group of antibiotics and emphasizes the fact that penicillin G can be used in antimicrobial susceptibility testing only as a negative control.
CONCLUSION
The success of MG control programs depends on rapid and accurate diagnostic techniques. Therefore, the ABI-7500 fast real-time PCR assay was developed for the detection of MG infection in chicken flocks. The assay was highly specific, sensitive, and reproducible, and allowed the quantification of MG template copies directly from clinical samples. In the future, the TaqMan RT-PCR assay can be used as a diagnostic and research tool for the detection and quantification of MG DNA isolated from clinical samples. In addition, among the tested antimicrobial agents, tiamulin, tylosin, doxycycline and spectinomycin exhibited the best in vitro antimicrobial activity against the identified field MG isolates from naturally infected chicken, whereas all of the field isolates showed a higher percentage of resistance against gentamycin, timlicosin, erythromycin, ciprofloxacin, oxytetracycline and doxycycline.
Acknowledgments
